Our study suggests that one-dose of varicella vaccine is not sufficient to prevent school outbreaks. A 2-dose varicella vaccination program may help to prevent varicella outbreaks and achieve effective control of the disease.
A varicella vaccine, based on the attenuated live varicella zoster virus (VZV) Oka strain, was first developed by Dr. Takahashi in Japan in 1974. 1 Today, varicella vaccines, all contain the live attenuated VZV Oka strain, are available in many countries and have been introduced into the National Immunization Program in some developed countries. The United States is the first country to implement the varicella vaccine into the national immunization program. After the implementation of the single -dose varicella vaccination to children aged 12-15 months in 1996, varicella incidense, varicella-related hospitalization and mortality have dramatically decreased 2 . However, despite high vaccination coverage, outbreaks of varicella continue to occur in day-care centers and schools among single-dose-vaccinated children. [3] [4] [5] For this reason, in order to control the outbreaks and interrupt endemic disease transmission, the United States changed from a routine 1-dose varicella vaccination program to a universal 2-dose program (first dose at 12-18 months and booster at 4-6 years) in 2006. 6 Similarly, today a 2-dose schedule has also been recommended in many developed countries such as Germany, Japan and Canada. 7 After the implementation of the routine 2-dose program in the countries, further reductions have been seen in both varicella disease burden and the number of outbreaks. [8] [9] In Turkey, two brands of monovalent varicella vaccine (Okavax Sanofi-Pasteur and VarilrixGlaxoSmithKline) have been available in the private sector since 2000. In 2013, a single-dose varicella vaccine was included in the National Immunization Program for children 12 months of age and vaccination coverage of 95% or more has been reached in children 12-36 months of age. Although Turkish children have been routinely immunized with the single-dose varicella vaccine for more than three years, and in spite of high vaccination coverage, varicella cases and varicella outbreaks are still ongoing, especially in preschools and elementary schools. However, the data of how many of these varicella cases are vaccinated children and the data of their vaccination status is insufficient in our country. We investigated an outbreak of varicella among children attending preschools to estimate the effectiveness of 1-dose varicella vaccine, and to evaluate potential risk factors for breakthrough disease.
Material and Methods

Study population and design
This study was carried out during a varicella outbreak in 3 preschools in İzmir, Turkey, in April 2016. Previously healthy children with no immune deficiency or history of a chronic disease were enrolled in the study. Children who had a previous history of varicella disease were excluded from the study. Their parents were interviewed and they filled out a questionnaire about their children's medical history and demographic characteristics. Varicella vaccination status of the children was determined by examining their immunization records. A written informed consent was obtained from parents before enrolling patients.
Children with suspected varicella were examined by a pediatrician in the first 3 days of the illness. A case of varicella was clinically diagnosed through an acute, generalized, maculopapulovesicular rash without other apparent cause in a child. A varicella outbreak was defined as ≥5 cases of varicella occurred in a preschool within one week (Fu) . Breakthrough varicella was defined as varicella infection in a child who had been vaccinated more than 42 days before the onset of rash. Varicella disease was classified as mild (<50 lesions), moderate (51-500 lesions without any complications) and severe (>500 lesions or presence of any serious complications or hospitalization).
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The local ethics committee approved this study.
Statistical analysis
Statistical analysis was performed using SPSS for Windows (version 21.0). Characteristics of vaccinated vs. unvaccinated children were compared using t-test and Mann Whitney U test for continuous variables and Chi-square test for categorical variables. To evaluate the potential risk factors for breakthrough disease, the logistic regression (univariate) model was used and odds ratio was calculated. A p value of <0.05 was considered statistically significant.
The attack rates among unvaccinated children (ARU) and vaccinated children (ARV) were calculated. Then vaccine effectiveness (VE) was calculated using the equation: [(ARU-ARV)/ ARU] x 100 10 . The effectiveness of the varicella vaccine was determined for all varicella disease as well as for moderate/severe disease.
Results
This study was carried out in three preschools where the outbreak of varicella was seen. A total of 179 children, who were previously healthy attending these preschools, were enrolled in the study. Fifty-three of them had a history of varicella, so the 53 children were excluded from the study, leaving 126 children. Of the 126 children, 79 had received varicella vaccine before the outbreak. Two of the vaccinated children had received 2 dose of varicella vaccine; they were excluded from the study. Thus, 124 children were included in the study.
Among the 124 children, 77 (62%) had been vaccinated with a single dose of varicella vaccine and 47 (38%) were unvaccinated ( Fig. 1) . A total of 34 cases of varicella were observed during the outbreak: 18 cases (53%) occurred in single-dose vaccinated children (breakthrough varicella cases) and 16 cases (47%) in unvaccinated children. The attack rates of varicella were 23.4% among singledose vaccinated children and 34% among unvaccinated children. During the outbreak, the effectiveness of single-dose varicella vaccine was 33.6% against varicella of any severity and 82.5% against moderate or severe varicella.
Overall, 25 cases of varicella were mild, and 9 cases were moderate or severe. No cases developed severe complications nor required hospitalization. Only one unvaccinated child developed keratitis. As compared with unvaccinated cases, breakthrough varicella cases had milder disease and were less likely to have fever (Table I) . Eighty-nine percent The median time since vaccination before the outbreak was 51 months; 16 children had been vaccinated 5 or more years previously; while the time lapsed after vaccination was less than 5 years in 61 children.
Time since vaccination was significantly associated with the increased risk of breakthrough varicella (Table II) . Children vaccinated 5 or more years before the outbreak had 3.5 times the risk of breakthrough disease than those vaccinated within 5 years (OR 3.5; 95% CI: 1.08-11.5); p=0.046). The breakthrough varicella was observed in 18% of children who had been vaccinated at <5 years, and in 44% of those vaccinated at ≥5 years. Among single-dose vaccinated 77 children, 67 were vaccinated before 15 months and 10 were vaccinated after 15 months and over. The age of varicella vaccination (<15 months vs. ≥15 months) were not associated with the increased of breakthrough disease in this outbreak. There were also no association between breakthrough varicella and the brands of varicella vaccine, administering solely varicella vaccine or the simultaneous administration with measlesmumps-rubella (MMR) vaccine.
Discussion
Studies carried out so far have shown that the effectiveness of a single-dose of varicella vaccine is mean 80% (ranged from 20 to 100%) against varicella disease of any severity and mean 95% (ranged from 78 to 100%) against moderate and severe disease. 11, 12 However, several studies have reported the single-dose varicella vaccine effectiveness as low as 20-72% during varicella outbreaks. 3, [13] [14] [15] [16] [17] [18] In the present study, it was found that single-dose varicella vaccination provided poor protection against varicella disease of any severity during a varicella outbreak in the three preschools.
The effectiveness of the single-dose varicella vaccine was found to be quite low; as 33.6% against varicella disease of any severity and 82.5% against moderate and severe varicella.
The vaccinated children in our study group had been immunized with varicella vaccine procured from pharmacies or the private sector. For this reason, cold-chain problems such as storage, distribution, transport and application of vaccines might be associated with the low vaccine effectiveness. Another factor which may have negatively affected the vaccine effectiveness could be the widespread circulation of the virus during the outbreak in the crowded classes of preschools.
In the present study, time since vaccination was identified as a significant risk factor for breakthrough varicella. Children vaccinated 5 or more years before the start of the outbreak had a 3.5-fold higher risk for breakthrough disease than those who had been vaccinated less than 5 years before. Similarly, several studies have reported there was a significantly higher breakthrough disease risk ratios for children vaccinated over 5 years ago than for children vaccinated more recently. 3, 13, 14, 17, 19, [20] [21] [22] However, some studies have found no association between time elapsed after vaccination and the risk of breakthrough varicella. 16, 23, 24 A recent review published by Bonanni et al. 25 reviewing primary and secondary failure after varicella vaccination showed that most cases of breakthrough varicella could be accounted for by primary vaccine failure. A study from Spain reviewing 10 years of breakthrough varicella in children vaccinated with one dose also showed that half of the breakthrough varicella cases happened within 2 years of vaccination. 26 It has also been reported that the time interval between the administration of first and second doses does not affect the booster response; comparable antibody responses were obtained regardless of whether the second vaccine dose was given 6-12 weeks or 3-6 years after the first dose. 9 Several studies reported that younger age at vaccination (≤15 months) may be a risk factor for breakthrough varicella 4, 21, 27, 28 . However, the evidence is also not consistent. Some studies found no association between age at vaccination and breakthrough varicella. 13, 16, 20, 22, 23 In our study too, we determined that younger age at vaccination (less than 15 months) is not a risk factor for breakthrough varicella. We also found that the risk of breakthrough varicella is not associated with the vaccine brand administered. A study from Germany reported that the risk of breakthrough varicella was higher with some brands of varicella vaccine compared with others 16 . However, in many other studies, no significant differences in breakthrough varicella rates were found between subjects who had received different vaccine brands, which was in agreement with our observations. It is not surprising that the effectiveness of varicella vaccines produced by different companies is similar because all varicella vaccines in the world, except the vaccine licensed in South Korea, are based on the Oka strain of VZV.
Breakthrough varicella infection has been described as clinically milder, with fewer lesions, complications, and systemic symptoms but recent studies report that breakthrough varicella disease can result in serious complications similar to those occurring in unvaccinated individuals. [29] [30] [31] [32] Although most cases of breakthrough varicella are mild, in our study, 11% of the cases had a moderate to severe disease. A prospective-hospital based varicella surveillance study (VARICOMP study) from Turkey reported that pediatric breakthrough varicella requiring hospitalization was not rare, 9% of the breakthrough varicella cases had severe varicella disease, and neurological complications such as encephalitis and meningitis were the most common reasons for hospitalization 33 . Moreover, children with breakthrough varicella can transmit the virus, although transmission is less frequent than from unvaccinated children with varicella. In school settings, risk of transmission increases further. 13, 23 For this reason, breakthrough varicella is an important health problem not only because it may cause complications and hospitalizations, but also for its potential for transmission.
In conclusion, one-dose of varicella vaccine does not provide enough protection to prevent outbreaks completely. Although it has been more than three years since implementation of the universal 1-dose varicella vaccination program in Turkey, and despite high vaccination coverage, varicella outbreaks continue to occur in preschools and elementary schools. In this outbreak, more than half of varicella cases were single-dose vaccinated children. From this point of view, to prevent varicella outbreaks and to further reduce the number of varicella cases, changing from a routine 1-dose varicella vaccination program to a routine 2-dose vaccination program seems to be logical in Turkey, as it is currently recommended by many countries. 6, 7, 9 
